Abstract---
INTRODUCTION
LAT plate floor system is a two-way concrete slab supported directly on columns with reinforcement in two orthogonal directions.
Primarily used in commercial buildings, and hospitals, this system has the advantages of simple construction and formwork and a flat ceiling. The flat plates develop large bending moment & shear forces close to the columns. These stresses bring about the cracks in concrete & may provoke the failure of slab. Flat plate structures are commonly used in moderate and low seismic zones as lateral force resisting systems whereas they are coupled with shear walls or moment resisting frames in high seismic zones. Difficulty faced in usage of this flat-plate system is in its behavior analysis, especially relate to the effect of lateral loading when the structure is designed to resist strong wind or earthquake. Static analysis with classical mechanics is not adequate because of the complex stress distribution that occurred in these plates. Advance computer technology development lead to fast progress in solving the problem numerically. The numerical method most common used in structural analysis is the Finite Element Method. The structural model widely used in structural analysis is the frame element model. This model is often preferred because simplicity and ease application. In the flat-plate structure an analysis by using frame elements is generally carried out by the effective beam-width model. In this method, the plate is modeled as an equivalent beam with a certain effective width.
Structural engineers commonly use the equivalent frame method with equivalent beams such as the one proposed by Jacob S. Grossman in practical engineering for the analysis of flat plate structures. The equations proposed by various researchers are containing modification factors and stiffness reductions factors to account the cracking of flat plate slabs. The efficiency of the various equivalent frame method proposed by Grossman, British code, Hwang, Kang and Moehle methods has been studied. The project involves the study of five models with different effective widths and stiffness reduction factors proposed by above mentioned researchers. The four models used for the study of equivalent frame method and one model is modeled using finite element method. The computer modelling has been done using a software ETABS. The equivalent frames are modeled as frame section element in the computer and finite element modelling is done by plate element. The regular, symmetric type of building structure has been considered for the study. The loads are calculated as per Indian standard codes. The effective width of equivalent slab-beam is computed and stiffness reduction factor considered in the study. The drifts, displacement, lateral stiffness and dynamic characteristics of structure have been studied for equivalent frame method and compared with the results of the finite element method.
II. LITERATURE REVIEW
The research study on flat plate structural system has showed that a small portion of slab width is effective in resisting the seismic loads. Several researchers have made study on the width of flat plate frames and proposed various equations based on their study and observations. The investigation included the study of drift, displacement, lateral stiffness and also dynamic characteristics of the building. The accounting for cracking also considered in the investigation. The provision of shear studs and bands improved the performance of the flat plate system under seismic loads by controlling the drifts, displacements and enhancing the ductility characteristics of the building. The effect of gravity load also predominant in flat plate structural system; the test indicated that the models subjected to gravity load can withstand higher lateral drift and maximum unbalanced moments. The study also showed that high reinforcement ratio increases the lateral stiffness and also effective width factor. The research study [11] under free vibration test and shake table test was indicated that the flat plate damage significantly under lateral loads. The equivalent width factor and cracking factor determined from the test were found good agreement between analytical and experimental models. In Grossman"s study [6] the slab-column frames were modeled based on equivalent slab-beam concept. An equivalent slab-beam is flexural member having a rectangular section with its width and depth dimensions equal to effective slab width and the total slab thickness. The effective slab width was determined by considering slab-column geometry.
Grossman"s model generally predicts smaller effective slab widths than the other models. Hwang and Moehle [3] presented the effective slab-beam width by using finite element techniques. The solutions apply to interior edge and corner connections, for column with square cross sections, and for combinations of ratio of column size to effective span. According to Hwang and Moehle, the influence of section crakes is accommodated by means of reduction factor to the element stiffness.
III. PROBLEM FORMULATION
In this project work, attempt has been made to study the efficiency of the equivalent frame methods proposed by Grossman, British code, Kang and Wallace and Hwang and Moehle; and simulate the effective width of the slab by analyzing different models with the equations provided by the researchers and carry out finite element analysis using computer program to predict the equivalent effective width. The objective of the study includes analyzing the drift, displacements, lateral stiffness and effect of stiffness reduction factor. The study is limited to understand the seismic behavior of the structure under elastic analysis.
IV. MODELLING AND ANALYSIS
The modelling and analysis of flat plates is carried out by a computer program ETABS. The geometry of the structure is symmetric and regular in nature. The equivalent frames are modeled as equivalent beam-column element in the computer model. In the finite element method, the entire width of the slab is modeled das plate element. The analysis of models is carried out for both static load cases as well as dynamic load cases. For lateral load cases, the equivalent static method and Response Spectrum analysis is used. The seismic zone factor III is considered for the analysis. The effective width of equivalent slab-beam is calculated by Grossman, British code, Kang and Wallace, and Hwang and Moehle method; since these equations are practically viable.
A. Geometry Details of the Structure
The geometry of the building consist 5m bay width in each direction and height of 3m. The size the column is 600mmx60mm. The thickness of the flat plate is kept 200mm for all floors. The total height of building is 15m. The table I show the geometry details of the structure. 
B. Grossman's Method
Grossman concluded that the flat plate system has a good resistance capacity for the lateral loads as well as gravity loads provided a proper detailing in the joint between the column and the slab and a new formula for the effective width was proposed by Grossman"s shown in Eq. (1) Effective width for exterior edge:
E. Hwang and Moehle Method
Hwang and Moehle present the effective beam width by using finite element techniques. The solutions apply to interior, edge, and corner connections, for column with square cross sections,. The results are divided into two groups: one for the interior frame, and another for the exterior frame.
The variations of effective beam width "be" for an interior frame, which includes interior connections, can be represented as
The effective beam width for an exterior frame, which includes corner connections and edge connections, can be represented as Where, C1 = Column width in the direction of lateral load l1= length of span of supports in direction parallel to lateral load According to Hwang and Moehle, the influence of section cracks is accommodated by means of a reduction factor to the element stiffness, taken as 1/3.
Effective width for interior panel:
Effective width for interior panel:
F. Tabulation of Computed Effective Width
The effective width calculated by using above equations has been tabulated in the table II. 
G. Finite Element Modelling of Flat Plate
It is necessary to use a refined finite element model to understand the true behavior and accurate stress distribution in the slab. In this model analysis of flat plate structure is done using the finite element method with the help of computer program ETABS. The flat plate structure is modeled as plate element in the computer program to understand behavior of the structure. The flat plate structure is divided into suitable finite element plates. This model is considered as bench mark model for comparing results obtained from the other equivalent frame analysis proposed by the various researchers. Since the flat plate element is modeled as plate element, the results obtained indicate true behavior of the structure under seismic loading. By comparing the displacement, drift and stiffness of the finite element model with the equivalent frame methods: It is possible to verify the efficiency of the equivalent frame methods and to establish a conclusion that, which method of equivalent frames method is suitable under seismic loading. Results obtained from the analysis have been studied, discussed and presented in the form of tables and graphical modes. Displacement, drift, and story stiffness with respect to story of the building have been drawn to understand the behavior of the building. The comparison between different methods has been studied. The comparison of the finite element model is done with the other equivalent frame methods.
A. Base Shear Characteristics
The base shear obtained by the four equivalent frame methods has been compared with the finite element analysis model method. The base shear from response spectrum analysis reduced as the stiffness reduction factor introduced in the model. Increase in the stiffness reduction factor decreases the dynamic base shear and results in higher value of scale factor (Vst/Vdy).The maximum static and dynamic base shear is found for FEM method. 
B. Displacement Characteristics
The displacements have been obtained for four equivalent frame method models and for finite element method. The displacement is found maximum for Kang and Wallace method for without stiffness reduction factor and also with stiffness reduction factor. The variation of displacement found directly proportional effective width. The least value of displacement is obtained for FEM method and the next least displacement is found for Hwang and Moehle method; for models without stiffness reduction and with stiffness reduction. The displacement of the storey increases as the stiffness of equivalent beam-slab is reduced. The maximum displacement is found for Kang and Wallace method. The results show that there is not much variation in the magnitudes of displacement in British, Grossmans and Moehle method. Hwang and Moehle method provide more stiffness to the structure; since the equation provides maximum effective width of equivalent beam-slab; and hence displacement is less compared to other methods. The figure 5.1 shows the displacement envelope plot for all the methods with and without stiffness reduction factors. From the figure 1, it is observed that the displacements in Hwang and Moehle method without stiffness reduction factor have been found nearest to FEM method. Hence Hwang and Moehle equivalent frame method can be used as a suitable method for seismic analysis. Table 5 shows the displacements of the storey. 
C. Driftt Characteristics
The drifts have been obtained for four equivalent frame method models and for finite element method. The drift is found maximum for Kang and Wallace method for without stiffness reduction factor and also with stiffness reduction factor; since effective width is less compared to other methods. Similar to the displacements, the variation of drift found directly proportional effective width. The least value of drift is obtained for FEM method and the next least drift is found for Hwang and Moehle method; for models without stiffness reduction and with stiffness reduction. The drift of the storey increases as the stiffness of equivalent beam-slab is reduced. The maximum drift is found for Kang and Wallace method. The results show that there is not much variation in the magnitudes of drift in British, Grossmans and Moehle method. Hwang and Moehle method provide more stiffness to the structure; since the equation provides maximum effective width of equivalent beam-slab; and hence drift is less compared to other methods. The figure 2 shows the displacement envelope plot for all the methods with and without stiffness reduction factors. From the figure 2, it is observed that the drifts in Hwang and Moehle method without stiffness reduction factor is been found nearest to FEM method. Hence Hwang and Moehle equivalent frame method can be used as a suitable method for seismic analysis. 
D. Lateral Stiffness Characteristics
The lateral stiffness has been obtained for four equivalent frame method models and for finite element method. The lateral stiffness is found maximum for FEM method for without stiffness reduction factor and also with stiffness reduction factor. The variation of lateral stiffness found directly proportional effective width. The least value of lateral stiffness is obtained for Kang and Wallace; and the next least lateral stiffness is found for Grossman method; for models without stiffness reduction and with stiffness reduction. The results show that there is not much variation in the magnitudes of lateral stiffness in British, Grossmans and Moehle method. Hwang and Moehle method provide more stiffness to the structure; since the equation provides maximum effective width of equivalent beam-slab; compared to other methods. The figure 3 shows the lateral stiffness envelope plot for all the methods with and without stiffness reduction factors The lateral stiffness is found maximum for FEM model, since the entire slab width modeled ad plate element, the maximum portion of the width is effective in resisting lateral loads. From the results we can understand that modelling of flat plate by equivalent frame method by using Hwang and Moehle equivalent frame method is found suitable under seismic loading. The table 5 shows that lateral stiffness of the structure for various stiffness reduction factors. From the figure 3 , it is observed that the stiffness in Hwang and Moehle method without stiffness reduction factor is been found nearest to FEM method. Hence Hwang and Moehle equivalent frame method can be used as suitable method for seismic analysis. 
E. E. Natural Time Period characteristics
The time period of the structure is obtained for all models. The maximum time period has been found for Kang and Wallace method; and the least time period has been found for finite element model for without stiffness reduction factor as well with stiffness reduction factor. There is no much variation in the time period obtained by Grossman, British code and Hwang method. The reduction in the stiffness of the equivalent slab-beam makes the structure more flexible, thus increasing the time period of the structure. The finite element modelling considers the larger width of the slab participation to resist the lateral loads, thus increasing stiffness and reduction the time period value; thus the structure behave more rigid than the other equivalent frame methods. From the figure 4, we can note that the increase in the stiffness reduction factor increases the time period of the building, thus making structure more flexible. The Hwang and Moehle method gives the nearest value of time period to the finite element method. The equivalent effective width proposed by Grossman, Kang and Wallace, Hwang and Moehle, is on the conservative side. Hence these methods found suitable for approximate lateral load analysis. There is no much considerable variation in the displacements, drifts and lateral stiffness obtained by Grossman, British code, and Hwang and Moehle method; hence any of the method can be used for lateral load analysis. Hwang and Moehle method or BS 8110 method of computing equivalent slab-beam width for stiffness calculation can be considered as very acceptable method for analysis of horizontal loads. The lateral stiffness of the structure increases as the effective width of equivalent slab-beam section increases. Reduction in the stiffness of the slab-beam section decreases the stiffness of the structure and hence increases the displacement and drifts of the structure. The displacement and drift increase as the effective width decreases. The accounting for the cracking of the slab is not required in equivalent frame analysis; in case of moderate height buildings. Displacement increases, as the height of the building increases. The finite element modelling of the structure provides the higher stiffness to the structure; hence displacement and drift are considerably less. The study showed that under lateral load, the larger width of the slab participates in resisting the loads and hence contributes larger stiffness to the structure.
